Quasiclassical schematic of a SC-chiral edge state-SC junction, where electrons Andreev reflected as holes, and vice versa, propagate in the same direction via partial cyclotron orbits, and the supercurrent is carried across the junction by electron-hole pairs at opposite edges.
A bout 500 to 600 million metric tons of methane, a potent greenhouse gas, are emitted annually worldwide; ~69% of this methane is produced biologically by anaerobic archaea known as methanogens (1) . In some environments, methane emissions are partly offset by anaerobic methane oxidizing archaea (ANME) and aerobic methanotrophic bacteria (1) . In methanogens, the methyl-coenzyme M reductase (MCR) enzyme uses a nickel-containing cofactor (F 430 ) to catalyze the final step of methane synthesis (see the figure, panels A and B) (2, 3) . The MCR reaction is reversible, and MCR may also catalyze the first step of methane oxidation by ANME (2) . The MCR catalytic cycle begins with F 430 in the reduced Ni(I) form (4) MCR is notoriously difficult to study because the active Ni(I) state-termed MCR red1 -is extremely sensitive to oxygen (4) . Various states of MCR with and without substrates and in different oxidation states have been characterized, but it is unclear which are relevant to catalysis (3, (6) (7) (8) . Two possible mechanisms have been investigated (2, 3) . The distinguishing feature of the two mechanisms is the nature of the first intermediate. In mechanism I, an organometallic methyl-Ni(III) intermediate is formed (MCR Me ); in mechanism II, a Ni(II)-thiolate (MCR ox1-silent ) and a methyl radical are produced (see the figure, panel C) .
The two Ni species should be distinguishable via spectroscopic methods. In particu-
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Biochemical data resolve the controversy over how methanogenic archaea produce methane that the measurements are not performed in the QH spin-singlet regime, so the QH bulk should be fully gapped to standard superconducting transport.) The coexistence is also evident in the structure of I c versus B, which exhibits interference analogous to Fraunhofer diffraction through a single slit. The periodicity of I c versus B transitions from irregular at moderate fields (when cyclotron orbits r c are larger than the sample size L, so nonuniform current paths can cross the sample) to regular at larger fields (when r c < L, so the bulk is gapped and the current has fixed paths at the edges). Further work is needed to understand the Fraunhofer periodicity in the QHE regime, as well as the effect of disorder on the appearance and behavior of I c .
How the supercurrent is transmitted in the quantum Hall regime can be explained by a coupling of electron and hole edge states: An electron completing a partial orbit along the superconducting interface is Andreev reflected as a hole; the hole orbits in the same direction and then Andreev reflects as an electron, and so on (see the figure, panel B). The coherent intermixing of these states allows a chiral supercurrent to be passed: Along one edge, the electron component of this mixed state crosses the junction, while along the opposite edge, the hole component returns (7) . This novel type of Andreev process involves electrons and holes binding along a single superconducting interface. It also represents a new type of edge state, involving spatially separated electron-hole pairs.
The mixed electron-hole modes at the superconducting interface have not previously been studied, and could enable exotic behavior such as a spin-triplet supercurrent (8) or Majorana modes (9) . There is particular excitement about superconductivity within the fractional quantum Hall regime, where excitations of the mixed modes could be parafermions (10) or Fibonacci anyons (11) . Such non-Abelian excitations (behaving as neither bosons nor fermions) have generated tremendous interest for their potential utility in faulttolerant topological quantum computation. figure) analog that is one carbon atom shorter (CoB 6 SH). This modification slows the reaction rate sufficiently to observe the first intermediate (9) .
The authors first used stopped-flow and rapid chemical-quench methods to compare the rates of MCR red1 disappearance and of methane synthesis. They found that the two processes occur at the same rate. This observation is inconsistent with mechanism I, which involves formation of the comparatively stable methyl-Ni(III) intermediate. Instead, the kinetics support mechanism II, in which the methyl radical would react rapidly to form methane.
With these data in hand, Wongnate et al. took advantage of the slower reactivity of CoB 6 SH to trap and characterize the elusive intermediate. They generated rapid freeze-quench samples at various time points during the first minute of the reaction and collected EPR spectra. The result is clear: The intensity of the EPR signal from MCR red1 decreases by 90% at a rate similar to that of methane synthesis, without the appearance of a new signal attributable to Ni(III). Thus, the intermediate is EPRsilent, consistent with a Ni(II)-thiolate (mechanism II) and not a methyl-Ni(III) (mechanism I) or any other Ni(III) species.
To confirm the intermediate's identity, the authors analyzed the same samples with another spectroscopic technique, magnetic circular dichroism (MCD). The MCD spectra of the starting MCR red1 and many other forms of MCR are distinct (8, 10) . The spectrum of the intermediate closely resembles that of the MCR ox1-silent state, in which Ni is coordinated by the thiolate group of coenzyme-M (SCoM) (see the figure, panel C) (7, 10) . This direct evidence for a Ni(II)-thiolate species is further bolstered by combined computational and experimental thermodynamic analyses that strongly favor mechanism II.
Identification of the intermediate ends more than two decades of controversy and sets the stage for building a consensus MCR mechanism. Several key questions remain unanswered, however. For example, can radical intermediates in the early stage of the reaction be observed? The EPR data show that small amounts of a radical do form as MCR red1 disappears, but it is unclear how this species compares with previously reported radicals (11) . Other previous observations must also be reconciled with the new results (11, 12) . Looking beyond the first step of the reaction, the changes that bring SCoM bound to F 430 close enough to CoBSH (see the figure, panel B) to react remain unclear. Finally, does anaerobic methane oxidation proceed via the reverse mechanism, and, if so, what factors influence the direction of the reaction?
The answers to these questions will affect efforts to design biomimetic catalysts, engineered enzymes for methane oxidation, and commercially viable synthetic biological pathways (13) . We are one step closer to knowing how to make methane; will we also be able to break it? j 
